


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


1952-06 


1. Thesis and Dissertation Collection, all items 


A survey of high altitude brush problems 


Morris, Robert E. 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/24867 


Downloaded from NPS Archive: Calhoun 


ai | pune 
mM \ LIBRARY 


http://www.nps.edu/library 





Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarly author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


A SURVEY OF HIGH ALTITUDE 
BRUSH PROBLEMS 


ed 



































LIST OF ILLUSTRATIONS 


Figure 


le Veltage drep VSe avmesg ) CTO ecccceccccscsccescces 


== -9 





| > am, 4 
d, i—~« ~*~ - 
@ 
; * = 
‘ 
- = 7 S . 





_A SURVEY GP HIGH GLIITUOR 








give satisfectory commutation. These triel brushes way 


vary as to cusmosition, specific resistemce, aid t@ Uae 


Spring pressure used to hel@ the brusiw tt th® commbatoer 








The eariaest réference te tNe effect’, of numa ae ion 
brush life that has c@mie to the @ttention of Uiis authces 


a report on the wear of slip ring brushes of & large altérag 


a 
e e bd - Y f = : FOE RO Rt a ae 
G@uring a cold dry wanter. This er? that whenever — 


/moisture content of the air oror 








several theories as to the ceuse -of this brush sear 


have been presented. Tvo of the most prominent theories 


will be presented here. 


It has long been known that tne copper — 








film with the total area of the conaucting path very sméak] 


compared tw. the arva of tne ®rush. ime to the Sigh cuprent 


demgsities of these conducting paths the locel tempers 








i 
ff 


Hae 2 
| 
—- oan = 


i 


Fy $4 
e 


ehaes 


. 
tia 


22G89 20888 2EE83 
& ROCA AoC!) Gee 
ape 


ts 
Ir 


Ez CSS ana 
SISERCHET VE BEBO QU 
BIEBER DTLwS Laaga 


i EE 
Hi He 
af 


e e 
+ 


k; 

: 
; 
H 
f 
P 


a ot oe + 
aes Se cn vets 
CHL a Ae ES aT 
r Ce a | a ry e 4 pe 
t 


gi wens 


ee. 


a Ae 5S) 
Abe 
=| 
! 


ral it 





a a 
a 





_ — 
t . - : 
| 
‘ 
‘ | 


| 


ar * 
i 
| 

« 


_ | —— ae ee 


ne 





' 
—o — 


| 
‘ 





INAH tts 
Pe eet HEA: 


— 


—o—+-~-. 





| 
‘ 


imme! | aan | 

















Sass snags aac 
aeees~ ecqacusaue 
ih ii OS Qa sun os =e 
r am inion aie minne Ge Re 
~ . = =: ~ a 


sts iris 


j oan 


165906 aueeg Fagen pecan esase 5eece S5Eot a 


bad 


, 
d 





erating 


— 


p 
Ay — oe 


& 





© 68886 85 86 C4506 65658 68666 Ear ¢ 
= (22.59 0CBe@.0 PS BS O82 ES6 BERGE 
nan nae ann ainiine ane ~stamen?, 


eo 





e oro. 
y maintali ed 
‘Wel - veoh a 

Bt 8 Ow tr 


Oo 








hel 
—- 
~ 
— 
¢ 
ss 


t | 





j 
eagerseates sanene 


= ; o- 
~ ? 
- — » ieee 
—-—o=e 
yen. « 








“Lk SUSU OOS PAS TTS Otwes Uw we 
RO C8088 66088 8488608866688 anaiee 





volt 
oer. 


values 








Peripheral velocity 
Mrs 
Bact 


r 
° 





LS Koes Sew = ae Vata wee 
7°58 8 86 B@Waeaet énan8 can sccaess sapea 
oss scss Swess seqes sansescce supae 
5SG 6 O99 86 COE SS 6268S 64826 SESH8 CDE 
 £ ote £ 8 ies Bees £2 428 808828 
=a Sacee hace samen sasessenes suas sense 
AG5 4G 88 20G88 C5466 24588 sanan oan sae 


4 slip rin 
vurrent densit 


square inch. 


conag . 


Uns 





> 
a 





basxer 
> 
I 
y ts.e curves exactly 


rar 


—e 






tro, 





c 


ee 
> 


’ 
Of 


of 


L 
™~ 
‘e 


oR oP Ti (ee af -2e1 OP 


>y* 
“+ 





G 








t 





7) 4-1-1-358 ee ae 












“Hy 





ears 
re, 
rus: 








Vol. 









Slectrical 
sith a 


} 
S 3, 
pee es-mme 


¢ 











Ce 





3¢ 


r’ 







: Oopner 6a . 


: ? 





. 
~* 


; 

=, 
1c 
8 
o 
s 





l 
Teha-pearp ae) cM ae, 





> 


--- bows 


c 
proximate 
‘ 









po 
Co -£ 
r 
Lact 


’ 
erent 
rj oii — © 


set 


2» 


— 








2088 €@0 (Reus S2E8E 


eo} 6" 
LU] 
er’ 

ore 





, 
J 
' 


ve Pleurz 


L 
t 





bot 
Li 








SUECABSCE DOCH SECHSE ERTS SANGE SS 
BOC 2588 [8 SOS €8R24 SAKRS PIASBS ESBS SE SEES 
[oe BOSS S OUUJU9 CRS hr. .Guwes Baeaws SGuwed 2 z 
OG 688 36 U8 SNE SESE 65298 £2085 CBSERESa sueune re . 
SEG READER USSS8 ESBS 642S66 TEESE 6EA05 a 1 
286 CHOSE 86206 OF O34 6NS6KE8 SESSE 2E244 SUS ase 
Oo (YM 08 do. LBL E OS CGS SROs FECSE SERGE SESES 23 
TOU CS SS 6 CPASE HOSS 59856 6SR88 CORSE EREEEEE 
O16 GOH SE £AGS6 AHOSC COSREEEAEEECHSBEGEEAEEEG 

Ce Eo) DOR Sl Ae 00082 bene O2°.99.98 bewas 
LIHCT lL) et 20 CSS FOGG CPSU PSOE OR SES p> Fanes af H 
{GSS 9 SSCE QRS 2HRSt 2HEREessaus cose: sees canst ae 4 
Seem r rer TLE Peet Te rire. py ery | 
Bagdodcog Feasedgaan ue 2SDCaeeE €288 4 O6etR cane a fa 

CTE teas Beane CBl4 fone OSd blots Be 
Oro 758 @ DB BEB €aEacd BeBe seeash QaaGg 
oo) couse sees seed asaassunee ganas 
- 20 £bOe 622008 teens seane 
OU CE Press deeds ures x, aa : 

— . - - > i, s © 
—, a a - 
vuaee seees ras Sonne 
=. 
st : 
— +++ 

SSS ses 


COU £ 1D OSM SrRSS FOTSO SHSl6 FOSS BOGES pede He 4 

(PWE C2588 66885 29556 68EN60EE05 BE Sebetertre 4 aff 

Oo [Lod (GaSe Ctews peeve srere = Geog Ell 
Suess Sees: ness 


th 
P| 
4 
: 
. aku 28 
+e Ge 
wid ee Gi 
if, 4 
fee tT 
s es soo 
=r icing 
4 > 
tne wr 
t 
LOLS 
oe re » 





clean slip ring run first i hyarogen, then witrogen, dry air, 


then carbon dioxide. The important things to note from these 





pests) is that the voelitage oxygen content ane 


_— A 
ty ee Eee re) |) aan eee 

{ of at my Mi yy Cures ee ye ee VE ie i" F = 
.ere increases tne voltage 





sliding contacts have snown that certéin vay 


Water vapor do fave pronounced lu.ricating qualitics. 


In the tests just described there is uc mention of currents 











(15 


tne water vapor. 


While these theories try to erplain gnat is happenaae 







in the wpper atwosphe:e that tewuses viushes tO Rem cacy) 






ae we WM Ls ote he ee 
. i we - 7+ 
>) i ] 


~ 


J LA "an S A q 
- 2 A I J @ 









for their operation at Hign eititwes. It must bd assume 


after this peri0va of time that isc nigh cltitwoe test sae 






unsatisfuctcry., molycucuum sulfice in co,,cr sulfiues were 






~ - e e = ea = ; _ 
attemptea but Gisilissed 425 un é. pparently begeisin 


tvurn 








intermegiate ana unstable compound ol copper ana ioaine to 





form cuprous oxide. Therefore, ne ceasoned the other pelogenss, 


snould eAhibit the same chéeructeristics as the iodine. 


_ = ry pes) = Bie —_ 4 
en Bibi 4 DB er, \L 
J \ + 





of this type of brush from the Wear neesured GUriage 2 50 
hour test was 7Ju hours ab 50,000 fect ama 750 noume ae see 


level. ‘this brush is unusual in that tne life expectancy 





is greater at high altitudes than it Was at sea level. 






| é AVA 


very important fact brought out by 


Pat 











| eel a ie 2oOSe 9 ond ae 5 sea eeege 
) =ee Ttrtirt tiyyiriaitt at 
| : - j BAGGEUO SEARS BEES as 

] 3 @3SSGES DARGA EEeR pet 

Lo BB C6eues £5 258 8B 


Tol £160 ft./ain. 


generator 
altitude 


omme peripheral saype 








easance 
Sega seszas 
GB aUESERD 


ep alt t-sel-7-| 
lp « 


b ele) 


B4aRG FENCE 
OlIRS BSSRBe 
TRF OSTEs ba 





4+I17bF 5.5 
‘opaciele ft . 


i VV. 
t 
\e 


fect of Current Density on Brush Life 


Rt 
























} ‘ ee : 
ri a 
Pe ‘| | | 
. mm Be ~ : r -_ 
} + 
Se sae: See ae ‘Sc a a | 
4 : 
o> ~s- ¢ 
_ > 6 ee ~eeee — a 
\ 
t 
| “s tidy 4 Hpi oe 
> } 
—o : + — ew ' | = oo —_— _ -| 
7 ; | L 
} = - : » : 





there seems tu be no reasen to doubt that the lov rriction of 
graphite at sea Level is the result of adsorption of water 
vapor. fhe elctrical characteristics of copper oxide film and 


many of its behaviors leave m 









a en 
— oie, f 
a bal 


film theory while not actually 











7S 

hoe = 

UC Lic. V 
“ 















wv) ; 
She. 7 ai ¢ ao @ * ~ 
: 7 OP ofeh emis cee owe 


ol ; oat — 

















v 





75 






- . 


s & — - a 


arop across the brushes shculau arvup considerably ame toen 
slowly build bace to its original ¢ _uilibriun value. That 


this actually happens is #ell kvuown. Krist spriag 













8 
| 


enter into this picture in two wifferent ways. F 


—. 
Po = CV’RM lA ] 

and as wid : 

n> : > 

iD bay Pe a a, ee 

tne prusn 


+ We 





pressure con ef centact 
a = 








for five hours i. a nevtral atmosphere was a& cuite noticeable 


reduction of the copper oxide oy the carbon brush. This 


noticeable reduction vas onoservéa by viskal comparison 








BIBL IOGRATHY. 


Baker, Re M. Sliding Contacts, Biectrical Ghe 


4£.1.B,E, Transactions. 55:84—-LOQgie 


f 7 
pl ea 








Savage, h. Mecnanicel year, ca. by J. Sirgiell. Coase 


LSe0. 

Savage, he H. Physically anu Cneuwically susorbea F- 
annals of the Mew York Acaueny of ScicHnc m4 
S63, June 1951 








aPPuNUIZ. I 


cree chamiil aL etc BaUCics UP | 








e-posure of fifteen minutes geve 2 typicel prornish Dar 


with & slight purplish cust. For the final test, a copies 


strip was sanded with a fine grade of emery paper, cleane 


chemically by rinsing in dilute acetic acid 








the copper oxide and the carbor vere in contact. 
islands are believed to be the lom pOints or the pomace that 


vere not in close enough contact fcr the reauc 











MO neg Ae) 40 prayje buiovip aut bey a “72°C 
My P2EW SnjUreddy sO mua! myo Pyrs 








—————-—. 








APLIWM SW Aay4 2 


* ” | f | 
r. == ( Ba: ———— 


$ 









dans 
wre in 
















Regivns Resion 


eg, en 4. 


Fr of, 


Ceppey Strip ohewitg Bf fe ets 
__of Day be aT Gostc 





APPENDIX IIL 











= 


i PM Aad Ff pepedete ACG FHLMAUAI HY 40 Tipe ay re 
4 em “my 


Z $fy 
SPAnre 
g¥ aang 90 
eu “eal mete tne: > 





' A As a ] yin) ae Nu i = 





























ii mn 


si 


Gees ae paaete 





: 
ss 





HL PACUU 
208 001217083 


Mil 





